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C BY-NC-Abstract A novel Schiff base has been designed and synthesized using the bioactive ligand
obtained from 4-aminoantipyrine, 3,4-dimethoxybenzaldehyde and 2-aminobenzoic acid. Its Cu(II),
Co(II), Ni(II), Zn(II) complexes have also been synthesized in ethanol medium. The structural fea-
tures have arrived from their elemental analyses, magnetic susceptibility, molar conductance, mass,
IR, UV–Vis, 1H NMR and ESR spectral studies. The data show that the complexes have compo-
sition of ML2 type. The electronic absorption spectral data of the complexes suggest an octahedral
geometry around the central metal ion. The interaction of the complexes with calf thymus (CT)
DNA has been studied using absorption spectra, cyclic voltammetric, and viscosity measurement.
The metal complexes have been found to promote cleavage of pUC19 DNA from the super coiled
form I to the open circular form II. The complexes show enhanced antifungal and antibacterial
activities compared with the free ligand.
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ND license.1. Introduction
Interaction of transition metal complexes with DNA has
gained considerable current interest due to their various appli-
cations in many areas like chemical, biological and medicinal
signiﬁcance as potential artiﬁcial gene regulators (or) cancer
chemotherapeutic agents (Surendra Babu et al., 2010). The
coordination chemistry of Schiff base complexes involving
oxygen and nitrogen donor ligands has attracted considerable
attention from the biochemists due to their applications in
catalysis and their relevance to bioinorganic systems (Shanker
et al., 2009).
152 N. Raman et al.In recent years, a great deal of interest in the synthesis and
characterization of transition metal complexes of 4-aminoanti-
pyrine and its derivatives has been extensively examined due
to their wide applications in various ﬁelds like biological, analyt-
ical and therapeutical. Further, they have been investigated due
to their diverse biological properties as antifungal, antibacterial,
analgesic, sedative, antipyretic, anti-inﬂammatory agents
(Chandra et al., 2009) and greater DNA binding ability (Raman
et al., 2010). In addition to this, DNA is an important cellular
receptor, many chemicals exert their antitumor effects by bind-
ing toDNA thereby changing the replication ofDNAand inhib-
iting the growthof the tumor cells, which is the basis of designing
new and more efﬁcient antitumor drugs and their effectiveness
depends on the mode and afﬁnity of the binding (Li et al., 2009).
Having all these in mind, in this paper, we are interested to
explore synthesis and structural determination of 4-aminoanti-
pyrine based Schiff base having oxygen and nitrogen donors, de-
rived from 4-aminoantipyrine, 3,4-dimethoxybenzaldehyde and
2-amino benzoic acid and its complexes with Cu(II), Co(II),
Ni(II), Zn(II) metal ions. Binding properties of the metal com-
plexes with DNA has been investigated using electronic absor-
bance spectroscopy, viscosity measurement and voltammetry.
In this work, the ability of these complexes having nitrogen
and oxygen donors to induce DNA cleavage in presence of
H2O2 has been analyzed. The antimicrobial evaluation of pres-
ent complexes is also researched. These complexes may give an
opportunity to provide routes toward rational drug design as
well as means to develop sensitive chemical probes for DNA.Scheme 1 Preparation of 4-(3,4-dimethoxybenzaldehydene) 2-3-
dimethyl-1-phenyl-3-pyrazolin-5-one.2. Experimental
All reagents, 4-aminoantipyrine, 3,4-dimethoxy benzaldehyde,
2-amino benzoic acid and various metal(II) chlorides, were
Merck products and used as supplied. Commercial solvents
were distilled and then used for the preparation of ligand and
its complexes. DNA was purchased from Bangalore Genei (In-
dia).Microanalyses (C, H andN) were performed in Carlo Erba
1108 analyzer at Sophisticated Analytical Instrument Facility
(SAIF), Central Drug Research Institute (CDRI), Lucknow,
India.Molar conductivities inDMSO (102 M) at room temper-
ature were measured using Systronic model-304 digital
conductivity meter. Magnetic susceptibility measurements of
the complexes were carried out by Gouy balance using copper
sulfate pentahydrate as the calibrant. IR spectra were recorded
with Perkin–Elmer 783 spectrophotometer in the 4000–400 cm1
range using KBr pellets. NMR spectra were recorded on a
Bruker Avance Dry 300 FT-NMR spectrometer in DMSO-d6
with TMS as the internal reference. FAB-MS spectra were
recorded with a VGZAB-HS spectrometer at room temperature
in a 3-nitrobenzylalcohol matrix. Electron paramagnetic
resonance spectra of the mixed ligand complexes of copper(II)
were recorded on a Varian E 112 EPR spectrometer in DMSO
solution both at room temperature and liquid nitrogen temper-
ature (77 K) using TCNE (tetracyanoethylene) as the g-marker.
The absorption spectra were recorded using Shimadzu model
UV-1601 spectrophotometer at room temperature.
2.1. Preparation of ligand
The Schiff base ligand and its Cu(II), Co(II), Ni(II), and Zn(II)
complexes were prepared as follows: an ethanolic solution of(40 mL) aminoantipyrine (4.06 g, 0.02 mol) was added to an
ethanolic solution of 3,4-dimethoxy benzaldehyde (3.14 g,
0.02 mol). The resultant mixture was reﬂuxed for ca. 3 h.
The solid product formed was ﬁltered and recrystallized from
ethanol (Scheme 1). An ethanolic solution of 3,4-dimethoxy
benzylidene-4-aminoantipyrine (3.51 g, 0.01 mol) was added
to an ethanolic solution of 2-aminobenzoic acid (1.37 g,
0.01 mol), and the resultant mixture was reﬂuxed for ca. 10 h
after the addition of anhydrous potassium carbonate. The
potassium carbonate was ﬁltered off from the reaction mixture
and the solvent was evaporated. The pale orange solid sepa-
rated was ﬁltered and recrystallized from ethanol (Scheme 2).
2.2. Preparation of metal(II) complexes
An solution of metal(II) chlorides in ethanol (2 mmol) was stir-
red with an ethanol solution of the Schiff base (4 mmol), for
ca. 2 h on a magnetic stirrer at room temperature. Then the
solution was reduced to one-third on a water bath. The solid
complex precipitated was ﬁltered off and washed thoroughly
with ethanol and dried in vacuo.
2.3. DNA binding experiments
2.3.1. Absorption spectroscopic studies
The interaction between metal complexes and DNA were stud-
ied using electrochemical and electronic absorption methods.
Disodium salt of calf thymus DNA was stored at 4 C. Solu-
tion of DNA in the buffer 50 mM NaCl/ 5 mM Tris–HCl
(pH 7.2) in water gave a ratio 1.9 of UV absorbance at 260
and 280 nm, A260/A280, indicating that the DNA was sufﬁ-
ciently free from protein (Marmur, 1961). The concentration
of DNA was measured using its extinction coefﬁcient at
260 nm (6600 M1 cm1) after 1:100 dilution. Stock solutions
were stored at 4 C and used for not more than 4 days. Doubly
distilled water was used to prepare solutions. Concentrated
stock solutions of the complexes were prepared by dissolving
the complexes in DMSO and diluting suitably with the corre-
sponding buffer to the required concentration for all of the
experiments. The data were then ﬁtted to Eq. (1) to obtain
the intrinsic binding constant (Kb) values for interaction of
the complexes with DNA.
Scheme 2 Preparation of Schiff base ligand.
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where ea, ef, and eb are the apparent free and bound metal com-
plex extinction coefﬁcients, respectively. A plot of [DNA]/
(eb  ef) versus [DNA], gave a slope of 1/(eb  ef) and a Y-inter-
cept equal to [Kb/(eb  ef)]1; Kb is the ratio of the slope to the
Y-intercept.
2.3.2. Electrochemical methods
Cyclic voltammetry was performed on a CHI 620C electro-
chemical analyzer with three electrode system of glassy carbon
as the working electrode, a platinum wire as auxiliary electrode
and Ag/AgCl as the reference electrode. Solutions were deox-
ygenated by purging with N2 prior to measurements.
2.3.3. Viscosity measurements
Viscosity experiments were carried on an Ostwald viscometer,
immersed in a thermostated water-bath maintained at a con-
stant temperature at 30.0 ± 0.1 C. CT DNA samples of
approximately 0.5 mM were prepared by sonication in order
to minimize complexities arising from CT DNA ﬂexibility.
Flow time was measured with a digital stopwatch three times
for each sample and an average ﬂow time was calculated. Data
were presented as (g/g0)
1/3 versus the ratio of metal(II) com-
plexes to DNA, where g is the viscosity of CT DNA solution
in the presence of complex, and g0 is the viscosity of CT
DNA solution in the absence of complex. Viscosity values were
calculated after correcting the ﬂow time of buffer alone (t0),
g= (t  t0)/t0.
2.4. pUC19 DNA cleavage study
The cleavage of pUC19 DNA was determined by agarose gel
electrophoresis. The gel-electrophoresis experiments were per-
formed by incubation of the samples containing 30 lM,
pUC19 DNA, 50 lM copper complex and 50 lM hydrogen
peroxide (H2O2) in Tris–HCl/NaCl buffer (pH 7.2) at 37 C
for 2 h. After incubation, the samples were electrophoresed
for 2 h at 50 V on 1% agarose gel using Tris–acetic acid–
EDTA buffer (pH 7.2). The gel was then stained using
1 lg cm3 ethidium bromide (EB) and photographed under
ultraviolet light at 360 nm. All the experiments were performed
at room temperature unless otherwise stated.
2.5. Antimicrobial activity studies
The in vitro antibacterial activity of the ligand and its com-
plexes were tested against the bacteria Staphylococcus aureus,Pseudomonas aeruginosa, Escherichia coli, Staphylococcus epi-
dermis, Klebsiella pneumoniae by the paper disc method using
nutrient agar as the medium. The antifungal activity was eval-
uated by paper disc method against the fungi Aspergillus niger,
Aspergillus ﬂavus, Culvularia lunata, Rhizoctonia bataicola and
Candida albicans cultured on potato dextrose agar medium.
The stock solution (102 M) was prepared by dissolving the
compound in DMSO and the solution was serially diluted in
order to ﬁnd the minimum inhibitory concentration (MIC) va-
lue. Test extracts loaded disks, inoculated with microorgan-
isms were incubated for 24 h for bacteria and 72 h for fungi
at 35 C. During the period, the test solution diffused and
the growth of the inoculated microorganisms was affected.
The inhibition zone was developed, at which the concentration
was noted.
3. Results and discussion
The Schiff base ligand and its Cu(II), Ni(II), Co(II) and Zn(II)
complexes have been synthesized and characterized by spectral
and elemental analytical data. They are found to be air stable.
The ligand is soluble in common organic solvents and all the
complexes are freely soluble in CHCl3, DMF and DMSO
but slightly soluble in methanol and ethanol and insoluble in
water.
3.1. Elemental analysis and molar conductivity measurements
The elemental analysis results for the metal complexes are in
good agreement with the calculated values (Table 1) showing
that the complexes have 1:2 metal–ligand stoichiometry of
the type ML2, wherein L acts as a tridentate ligand. The
formation of these complexes may proceed according to the
following equation:
MCl2:nH2Oþ 2L!ML2 þ 2HClþ nH2O
where;M ¼ CuðIIÞ;NiðIIÞ;CoðIIÞ and ZnðIIÞ
The metal(II) complexes were dissolved in DMSO and the mo-
lar conductivities of 102 M of their solution at room temper-
ature were measured. The lower conductance values (1.6–
2.6 S cm2 mol1) of the complexes support their non-electro-
lytic nature of the compounds.
3.2. Mass spectra
Mass spectra provide a vital clue for elucidating the structure
of compounds. The FAB mass spectra of the ligand and its
Table 1 Physical and analytical data of the synthesized Schiff base and its complexes.
Compound Yield (%) Color Found (calcd) % Formula weight KM S cm2 mol1 leﬀ/lB
M C H N
[C27H26N4O4] 81 Dark orange – 68.5 (68.9) 5.4 (5.5) 11.8 (11.9) 471 – –
[CuC54H50N8O8] 62 Dark brown 6.2 (6.3) 64.2 (64.6) 5.0 (5.0) 10.8 (11.1) 1003 2.6 1.84
[NiC54H50N8O8] 67 Pale blue 5.3 (5.8) 64.6 (65.0) 4.9 (5.0) 11.0 (11.2) 998 1.6 2.97
[CoC54H50N8O8] 72 Pale pink 5.4 (5.9) 64.1 (64.9) 4.8 (5.0) 10.9 (11.2) 998 1.9 4.45
[ZnC54H50N8O8] 84 Yellow 6.5 (6.5) 64.7 (64.5) 4.8 (5.0) 10.5 (11.1) 1004 2.3 Diamagnetic
154 N. Raman et al.copper complex were recorded and used to compare their stoi-
chiometry composition. The Schiff base showed a molecular
ion peak at m/z 471 corresponding to [C27H28N4O4]
+ ion.
Also, the spectrum exhibited the fragments at m/z 200, 150,
121 and 77 corresponding to [C11H12N4]
+, [C9H10O2]
+,
[C7H5O2]
+ and [C6H5]
+, respectively. The mass spectra of
Cu(II), Co(II), Ni(II) and Zn(II) complexes showed peaks at
m/z 1003, 998, 998 and 1004 which may represent the molecu-
lar ion of the respective complexes. All the complexes under-
went demetallation to form the species [L]+, gave fragment
ion peak at m/z 471 which is corresponding to the original
molecular weight of the Schiff base under investigation. The
mass fragmentation of the ligand is shown in Scheme 3.
3.3. IR spectra
IR spectra of the complexes clearly indicate the bonding asso-
ciation of the ligand with the metal ion. The spectrum of free
ligand showed a band in the region 1616 cm1 characteristics
of the mC‚N (azomethine) stretching mode indicating the for-
mation of the Schiff base product. This band was shifted to-
ward lower frequencies in the spectrum of its metal
complexes (1581–1565 cm1) compared with the above Schiff
base indicating the involvement of the azomethine nitrogen
in coordination with metal ion (Raman et al., 2011). The coor-
dination of nitrogen to the metal ion could be expected to re-
duce the electron density of the azomethine link and thus
caused a shift in the mC‚N group. The intense band at
1684 cm1 present in the IR spectrum of the free ligand may
be assigned to the mCOO (carboxylic group). However, the
spectra of all the complexes showed the absence of the charac-
teristic band accompanied by the appearance of the two char-
acteristic bands at 1645–1625 and 1417–1345 cm1 attributed
to masy. (COO) and msy. (COO), respectively, indicating the par-
ticipation of the carboxylate oxygen atom in the complex for-
mation. Conclusive evidence of the bonding was also shown by
the observation that new bands in the spectra of all metal com-
plexes appearing in the low frequency regions at 548–531 and
483–465 cm1 characteristic to m(M–O) and m(M–N) stretching
vibrations, respectively, that were not observed in the spectrum
of free ligand.
3.4. 1H-NMR spectra
1H NMR spectra of the ligand and its zinc complex were re-
corded in CDCl3. The peak at 9.8 d is attributed to the –COOH
of anthranilic acid moiety. The absence of this peak noted for
the zinc complex conﬁrmed the loss of the COOH proton of 2-
aminobenzoic acid moiety due to complexation The ligand
showed the following signals: phenyl multiplet at 6.0–7.8 d,–N–CH3 at 3.12 d, –CH‚N at 9.6 d and –OCH3 at 3.9 d,
–C–CH3 at 2.4 d. The azomethine proton (–CH‚N) signal
in the spectrum of the zinc complex was shifted down ﬁeld
(8.7 d) compared to the free ligand, suggesting deshielding of
azomethine group due to the coordination with metal ion.
There was no appreciable change in all other signals of the
complex. The NMR spectra of ligand and its zinc complex
are given in Figs. S1 and S2 (Supplementary ﬁle).3.5. Electronic spectra
The electronic spectra of the complexes were recorded in
DMSO solution. All the complexes showed the high energy
absorption band in the region 30,211–33,112 cm1. This tran-
sition may be attributed to the charge transfer band. The elec-
tronic spectrum of copper(II) complex displayed the d–d
transition band in the region 13,606 cm1 which is due to
2Egﬁ 2T2g transition. This d–d band transition band strongly
favors a distorted octahedral geometry around the metal ion.
The absorption spectrum of nickel(II) complex displayed
three d–d bands at 14,536, 15,269 and 23,806 cm1. These
correspond to 3A2g(F)ﬁ 3T2g(F), 3A2g(F)ﬁ 3T1g(F) and
3A2g(F)ﬁ 3T1g(P) transitions, respectively, being characteris-
tic of an octahedral geometry. This geometry is further
supported by its magnetic susceptibility value (2.97 lB). Elec-
tronic spectrum of cobalt(II) complex displayed the d-d transi-
tion bands in the region 15,017, 16,723 and 23,566 cm1 which
are assigned to 4T1g(F)ﬁ 4A2g(F), 4T1g(F)ﬁ 4A2g(F) and
4T1g(F)ﬁ 4A2g(F) transitions, respectively. The transitions
correspond to the octahedral geometry of the complex, which
is also supported by its magnetic susceptibility value (4.45 lB).
The complex of Zn(II) is diamagnetic. According to the
empirical formula, an octahedral geometry is proposed for this
complex.3.6. Electron paramagnetic resonance spectra
The EPR spectrum of copper complex provides information,
important in studying the metal ion environment. The EPR
spectra were recorded in DMSO at LNT (liquid nitrogen tem-
perature) and at RT (room temperature). The spectrum of the
copper complex at RT showed one intense absorption band in
the high ﬁeld and was isotropic due to the tumbling motion of
the molecules. However, this complex at LNT showed well re-
solved peaks with low ﬁeld region. The copper complex exhib-
ited the gk value of 2.264 and g ? value of 2.066. These values
indicate that the Cu(II) lies predominantly in the dx2–y2 orbital,
as was evident from the value of the exchange interaction term
G, estimated from the expression:
Scheme 3 Mass fragment pattern of Schiff base.
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If G> 4.0, the local tetragonal axes are aligned parallel or
only slightly misaligned. If G< 4.0, signiﬁcant exchange cou-
pling is present and the misaligned is appreciable. The ob-
served value for the exchange interaction parameter for the
copper complex (G= 4.1) suggests that the local tetragonal
axes are aligned parallel or slightly misaligned, and the un-
paired electron is present in the dx2–y2 orbital. This result also
indicates that the exchange coupling effects are not operative
in the present complex (Franklin Benial et al., 2000).
Based on the above spectral and analytical data, the pro-
posed structure of the Cu(II), Ni(II), Co(II), Zn(II), complexes
is given in the (Fig. 1).3.7. DNA binding experiments
3.7.1. Absorption titration
The electronic absorption spectroscopy is the most common
way to investigate the interactions of complexes with DNA.
In general, complex bound to DNA through intercalation usu-
ally results in hypochromism and red shift (bathochromism),
due to the strong staking interaction between aromatic chro-
mophore of the complex and the base pairs of DNA. The
Cu(II), Ni(II), Co(II) and Zn(II) complexes showed absorption
bands at 413, 376.2, 408, and 342.1 nm. With increasing con-
centration of DNA, all the complexes showed hypochromicity
and a red-shifted charge transfer peak maxima in the absorp-
tion spectra. The absorption spectra of the Cu(II) and Co(II)
Figure 1 The proposed structure of the complex M= Cu(II),
Ni(II), Co(II) and Zn(II).
Figure 3 Absorption spectra of [CoC54H50N8O8] in buffer pH
7.2 at 25 C in the presence of increasing amount of DNA. Arrows
indicate the changes in absorbance upon increasing the DNA
concentration. Inset: plot of [DNA]/(ea  ef) · 109 M2 cm versus
[DNA] · 105 M for titration of DNA with cobalt complex.
156 N. Raman et al.complexes in the absence and presence of CT-DNA are given
in Figs. 2 and 3, respectively.
With the addition of DNA, the absorption intensities grad-
ually decreased. A total of 24% (for Cu), 13% (for Co), 11%
(for Ni) and 9% (for Zn) of hypochromicity with 2.5, 1.3, 1.1
and 1.0 of red shift were obtained. The intrinsic binding con-
stants for Cu(II), Ni(II), Co(II) and Zn(II) complexes are
found to be 3.9 · 104, 2.7 · 104, 1.9 · 104 and 1.3 · 104 M1,
respectively, indicating a moderate intercalation between theFigure 2 Absorption spectra of [CuC54H50N8O8] in buffer pH
7.2 at 25 C in the presence of increasing amount of DNA. Arrows
indicate the changes in absorbance upon increasing the DNA
concentration. Inset: plot of [DNA]/(ea  ef) · 109 M2 cm versus
[DNA] · 105 M for titration of DNA with copper complex.complexes and CT-DNA. These (Kb) values are much smaller
than the typical classical intercalators (Vijayalakshmi et al.,
2000).
In order to compare the binding strength of the complexes
with CT DNA, the intrinsic binding constants (Kb) were ob-
tained by monitoring the changes in the absorbance for the
complexes with increasing concentration of DNA. Kb was ob-
tained from the ratio of slope to the intercept from the plot of
[DNA]/(ea  ef) versus [DNA]. The Kb values are shown in
Table 2.
3.7.2. Viscosity measurements
To clarify further the interaction between the metal complexes
and DNA, viscosity measurements were carried out. In the ab-
sence of crystallographic structure data, hydrodynamic meth-
ods which are sensitive to DNA length change are regarded
as the least ambiguous and the most critical tests of binding
in solution. A classical intercalation model results in lengthen-
ing the DNA helix, as base pairs are separated to accommo-
date the binding ligand, leading to the increase of DNA
viscosity. However, a partial and/or non-classical intercalation
of ligand may bend (or kink) DNA helix, resulting in theTable 2 Electronic absorption spectral properties of Cu(II),
Ni(II), Co(II) and Zn(II) complexes.
Compound kmax Dk (nm) H (%) Kb · 104 (M1)
Free Bound
[CuC54H50N8O8] 413.0 415.5 2.5 24 3.9
[NiC54H50N8O8] 408.0 409.1 1.1 11 2.7
[CoC54H50N8O8] 376.2 377.5 1.3 13 1.9
[ZnC54H50N8O8] 342.1 343.1 1.0 9 1.3
igure 5 Cyclic voltammogram of [CuC54H50N8O8] with incre-
ental addition of DNA in DMSO–Tris–HCl/NaCl buffer
olution (pH 7.2) and arrow mark indicates the current changes
pon increasing DNA concentrations.
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(Satyanarayana et al., 1993). The plots of (g/g0)
1/3 versus
[Complex]/[DNA] = R, gives a measure of the viscosity
changes (Fig. 4). The classical intercalators like ethidium bro-
mide are known to increase the base pair separation resulting
in an increase in the relative viscosity of the DNA. But, this ef-
fect of the metal(II) complexes is far less than that observed for
an intercalator such as EB indicating that there exists a weak
intercalative interaction between the complexes and CT DNA.
3.7.3. Electrochemical studies
Cyclic voltammetric technique is extremely useful in probing the
nature and mode of DNA binding of metal complexes. Typical
cyclic voltammetry behaviors of Cu(II) and Co(II) complexes in
the absence and presence of CTDNAare shown in Figs. 5 and 6,
respectively. In the absence of CTDNA, the ﬁrst redox cathodic
peak appeared at 0.332 V for Cu(III)ﬁ Cu(II) Epa = 0.507 V,
Epc = 0.332 V, DEp = 0.175 V and E1/2 = 0.4195 V and in the
second redox couple, the cathodic peak appeared at 0.156 V
for Cu(II)ﬁ Cu(I) [Epa = 0.018 V, Epc 0.156 V, DEp =
0.174 V and E1/2 = 0.069 V]. The ipa/ipc ratios of these two
redox couples are approximately unity, which indicates that
the reaction of the complex on the glassy carbon electrode
surface is quasi-reversible redox process.
In the absence of CT DNA, the redox couple cathodic peak
appeared at 0.499 V for Co(III)ﬁ Co(II) (Epa = 0.077 V,
Epc = 0.499 V, DEp = 0.422 V and E1/2 = 0.288 V). The
ratio of ipa/ipc is approximately unity. This indicates the
quasi-reversible redox process of the metal complex. For
Ni(II)ﬁ Ni(I), the redox couple cathodic peak appeared at
0.153 V in the absence of CT DNA (Epa = 0.603 V,
Epc = 0.153 V, DEp = 0.756 V and E1/2 = 0.225 V). The
ratio of ipa/ipc is approximately unity. This indicates the qua-
si-reversible redox process of themetal complex. Zn(II) complex
exhibited quasi-reversible transfer process with redox couple
[Zn(II)ﬁ Zn(0)]. The cathodic peak appeared at 0.533 V inFigure 4 Effect of increasing amounts of [CuC54H50N8O8] (¤),
[NiC54H50N8O6](·), [CoC54H50N8O8] (¤), [ZnC54H50N8O8] (m),
and [EB] (\) on the viscosity of DNA. R = [complex]/[DNA] or
[EB]/[DNA].F
m
s
uFigure 6 Cyclic voltammogram of [CoC54H50N8O8] with incre-
mental addition of DNA in DMSO–Tris–HCl/NaCl buffer
solution (pH 7.2) and arrow mark indicates the current changes
upon increasing DNA concentrations.the absence of DNA (Epa = 0.402 V, Epc = 0.533 V,
DEp = 0.935 V and E1/2 = 0.065 V). The ratio of ipa/ipc is
approximately unity. This indicates the quasi-reversible redox
process of the metal complex. The incremental addition of CT
DNA to all the complexes caused a considerable decrease in
the voltammetric current. In addition, the peak potentials, Epa
and Epc as well as E1/2 had a shift to less negative potential.
The drop of the voltammetric currents in the presence of CT
DNA can be attributed to diffusing of the metal complex bound
to large, slowly diffusing DNA molecule (Li et al 2005). The
Table 3 Electrochemical parameters for the interaction of DNA with Cu(II), Ni(II), Co(II) and Zn(II) complexes.
Compound Redox couple E1/2 (V) DEp (V) ipa/ipc
Free Bound Free Bound
[CuC54H50N8O8] Cu(III)ﬁ Cu(II) 0.419 0.366 0.088 0.048 0.82
Cu(II)ﬁ Cu(I) 0.045 0.049 0.172 0.171 0.78
[NiC54H50N8O8] Ni(II)ﬁ Ni(I) 0.225 0.201 0.756 0.736 0.81
[CoC54H50N8O8] Co(III)ﬁ Co(II) 0.288 0.322 0.322 0.367 1.06
[ZnC54H50N8O8] Zn(II)ﬁ Zn(0) 0.065 0.096 0.935 0.928 0.76
158 N. Raman et al.electrochemical parameters of the Co(II), Ni(II), Cu(II) and
Zn(II) complexes are shown in Table 3.
3.7.4. Chemical nuclease activity
The DNA cleavage efﬁciency of the complexes compared to
that of the control is due to their efﬁcient DNA-binding abil-
ity. When super coiled pUC19 DNA is subjected to electro-
phoresis, relatively fast migration will be observed for the
intact super coiled form (Form I). If scission occurs on one
strand (nicking), the super coiled form will relax to generate
a slower moving nicked form (Form II). If both strands are
cleaved, a linear form (Form III) that migrates between Forms
I and II will be generated. In the present study, DNA cleavage
was analyzed by monitoring the conversion of super coiled
DNA (Form I) to nicked DNA (Form II) in the presence of
oxidant H2O2.
From Fig. 7 (lanes 2–6), it is evident that the complexes
cleave DNA more efﬁciently in the presence of an oxidant
(H2O2). This may be attributed to the formation of hydroxyl
free radicals. The OH free radicals participate in the oxidation
of the deoxyribose moiety, followed by hydrolytic cleavage of
a sugar phosphate back bone. All the complexes showed pro-
nounced nuclease activity in the presence of oxidant H2O2
which may be due to the increased production of hydroxyl rad-
icals. Control experiments using DNA alone (lane 1) did not
show any signiﬁcant cleavage of pUC19 DNA even on longer
exposure time. From the observed results, it is concluded that
all the complexes effectively cleave the DNA as compared to
control DNA
3.8. Antibacterial activity
The synthesized ligand and the complexes were tested for their
in vitro antimicrobial activity. They were tested against the
bacteria S. aureus, P. aeruginosa, E. coli, S. epidermis, K. pneu-Figure 7 Changes in the agarose gel electrophoretic pattern of pUC
complex, lane 1, DNA alone; lane 2, DNA+H2O2; lane 3, DNA+
H2O2; lane 5, DNA+ [NiC54H50N8O8] + H2O2; lane 6, DNA+ [Znmoniae and fungi A. niger,A. ﬂavus, C. lunata, R. bataicola and
C. albicans. The minimum inhibitory concentration (MIC) val-
ues of the investigated compounds are summarized in Tables 4
and 5.
A comparative study of MIC values of ligand and the com-
plexes indicates that the metal complexes exhibit higher anti-
microbial activity than the free ligand. Such increased
activity of the complexes can be explained on the basis of
the Tweedy’s chelation theory (Ramesh and Maheswaran,
2003). Chelation reduces the polarity of the metal ion consid-
erably because of the partial sharing of its positive charge with
the donor group and also due to p-electron delocalization on
the whole chelate ring. The lipids and polysaccharides are
some important constituents of the cell wall and membranes
which are preferred for metal ion interaction. Apart from this,
the cell walls also contain many phosphates, carbonyl and
cystenyl ligands which maintain the integrity of the membrane
by acting as a diffusion barrier and also provide suitable sites
for binding. Furthermore, the reduction in polarity increases
the lipophilic character of the chelates and an interaction be-
tween the metal ion and the lipid is favored. This may lead
to the breakdown of the permeability barrier of the cell result-
ing in interference with the normal cell processes. Besides this,
the complexes may also indulge in the formation of hydrogen
bonded interaction through the coordinated anions and azo-
methine group with the active centers of the cell constituents.
Factors capable of increasing lipophilic nature are expected
to enhance the antimicrobial property. The synthesized
Schiff base ligand has moderate inhibitory effects on the
growth of tested microorganism. This is due to the presence
of azomethine groups which have chelating properties. These
properties may be used in metal transport across the bacterial
membranes or to attach to the bacterial cells at a speciﬁc site
from which it can interfere with their growth. Ligand exhibits
MIC in the range of (14.1–16.4 lg/mL for all the bacteria and19 DNA induced by H2O2 and Cu(II), Co(II), Ni(II) and Zn(II)
[CuC54H50N8O8] + H2O2; lane 4, DNA+ [CoC54H50N8O8] +
C54H50N8O8] + H2O2.
Table 5 Antifungal studies of the investigated compounds (minimum inhibitory concentration · lg/mL).
Compound A. niger A. ﬂavus C. lunata R. bataicola C. albicans
[C27H26N4O4] 14.2 13.7 15.3 13.5 16.9
[CuC54H50N8O8] 3.2 3.7 4.3 4.5 5.8
[NiC54H50N8O8] 4.1 4.3 4.5 4.8 5.7
[CoC54H50N8O8] 5.5 5.2 6.7. 6.5 6.2
[ZnC54H50N8O8] 7.1 7.8 7.1 7.3 7.9
Table 4 Antibacterial studies of the investigated compounds (minimum inhibitory concentration · lg/mL).
Compound S. aureus P. aeruginosa E. coli S. epidermis K. pneumoniae
[C27H26N4O4] 15.1 15.3 16.1 16.4 14.1
[CuC54H50N8O8] 2.8 3.4 3.5 3.7 4.9
[NiC54H50N8O8] 3.4 3.7 4.3 4.5 4.8
[CoC54H50N8O8] 3.6 4.4 4.9 4.6 5.4
[ZnC54H50N8O8] 4.5 5.8 5.3 5.8 5.7
Design, synthesis, DNA binding ability, chemical nuclease activity and antimicrobial 15913.5–16.9 lg/mL for all the fungi, respectively). The antimicro-
bial activity of metal complexes show greater bactericidal and
fungicidal activities against S. aureus (MIC = 2.8–4.5 lg/mL)
and fungi A. niger (MIC = 3.2–7.1 lg/mL) as compared to
their corresponding Schiff base. The present investigations of
antimicrobial activity data indicated that all of the newly syn-
thesized complexes exhibited slightly different antimicrobial
activity as compared to that of the control drugs.
4. Conclusions
From the elemental analysis, molar conductivity, UV–Vis,
magnetic, IR and 1H NMR spectral data, it is possible to
determine the type of coordination of the ligand in their metal
complexes. Based on these data, an octahedral geometry is as-
signed to these complexes. The DNA binding properties of
these complexes were studied by absorption spectra, viscosity,
and cyclic voltammetry experiments. The results showed that
the complexes were interacting with the CT-DNA. Chemical
nuclease activity of these metal complexes with super coiled
pUC19 DNA was investigated by gel electrophoresis. From
the results, it is found that the metal complexes cleaved
DNA efﬁciently in the presence of H2O2 as compared to the
control DNA. Further, the promising results have been ob-
served for the antimicrobial screening especially for the metal
complexes against both the fungi and bacteria and what may
be attributed to the fact that the metal complexes are poten-
tially active against bacterial cells than fungi cells.Acknowledgments
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